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n 8 = 
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n io=l. 56883 v 10 =56. 33 



n n = 1.56883 v u =56. 33 



n, 3 =l. 51633 v l3 =64. 15 



n l5 =l. 56883 v i 5 =56. 33 
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R 17 =oo 
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D 24 =4. 3700 
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D 2? =14. 5260 
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n 9 =1. 
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D29=89.7579 
R 3 o=°° 
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r , =74. 8010 
d x =5. 8000 
r 2 =-37. 9660 
d 2 =2.5000 
r 3 =-202. 1440 
d 3 =21.7000 
r 4 =00 

d 4 =10. 0000 
r 5 =°° 
d 5 =10.0000 
[0 0 3 7] 
r 6 =°° 
d 6 =9. 5000 
r 7 =00 
d 7 =9. 5000 
r 8 =~ 
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r 9 =00 
d 9 =6.0000 

r 10= 00 
d 10 =6. 0000 
[0 0 3 8] 

r H = oo' 

d u =0. 5000 
r 12 =80. 0080 
d 12 =9. 0000 
r 13 =~80. 0080 
d 13 =16. 5000 
r u= 00 
d ,4=10. 2000 

r 15= 00 
d l5 =6. 0000 
[0 0 3 9] 
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d l6 =6. 0000 
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d 18 =2.2000 
r 19 =-38. 2470 
d l9 =10. 5000 

d 20=6. 6800 
[0040] 
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72916 v ! = 

80100 v 2 = 
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56883 v 9 = 
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= 54. 68 
=34. 97 
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= 56. 33 

= 56. 33 
=56. 33 

= 56. 33 
= 56. 33 



n 12=1. 51633 v 12 =64. 15 
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n i 6 =1.56883 v i 6 =56. 33 
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n 21 = l. 69680 v 21 =55. 53 
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d 24 =4. 2900 
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d 26 =4. 0000 
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lttvx7>9 wm^) 
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:xXk 2l C9F-*-^~£Fno _k , 36»U>Xk zl t?ft 

Fno -k/t =0.86 
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R ! =oo 

Di =3. 0500 
R 2 =62. 3180 
D 2 =3. 0000 
R 3 =-53.3190 
D 3 =1.8000 
R 4 =-137.0720 
D 4 =3. 0000 
R 5 =oo 

D 5 =8. 0000 
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R 6 =°° 
D 6 =8. 0000 
R 7 =oo 
D 7 =8. 0000 
R 8 =oo 

D 8 =16. 0000 



n 2 =1.48749 v 2 =70. 23 



n 3 =1.72342 v 3 =37.95 



n s =1.56883 v 5 =56.33 



n 6 =1. 56883 v 6 =56. 33 



n 7 =1.56883 v 7 =56. 33 



n 8 =1.56883 v 8 =56.33 
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R 9 =°° 
D 9 =8.0000 

D l0 =44. 0000 
[0 0 5 2] 
R u = oo 
D u =16. 9000 
R l2 =co 

D 12 =14. 0000 
D 13 =16. 9000 

Rl4=°° 

D I4 =2. 0000 
R l5 =46. 0390 
D ls =9. 0000 
[0 0 5 31 
R 16 =-46. 0390 
D 16 =34. 3000 

D 17 =13. 2800 

Rl8=°° 

D i8= 11. 0000 

Rl9=°° 

D l9 =13. 2800 
R 20 =co 

D2o=9.0100 
[0 0 5 4] 
R 21 =36. 5760 
D 21 = 2. 0000 
R22=-36. 5760 
D22=0. 2000 
R23=16.9530 
D23=2. 4000 
R 24 =-30.2290 
D 24 =l. 1000 

D25=l 1.9000 
[0 0 5 5] 
R 26 =-58. 4740 
D 26 =2. 0000 
R 27 =-19. 8070 
D 27 =l. 1000 
R28=10. 4010 
D28=8. 1900 

R29 =00 

D29=8. 5000 

R30=oo 

D3o=8. 5000 
[0 0 5 6] 

R 3I = oo 



n 9 =1. 56883 v 9 =56. 33 



n n =l. 51633 
n 12 =l. 51633 
n 13 = 1.51633 



n l7 = 1.51633 
n 18 =l. 51633 
n l9 =l. 51633 



n23=l. 51633 
n 24 = l. 76182 



n 26= 1.78472 
n 27 =l. 72916 

n 25=1.73400 
n 30= 1.73400 



v u =64. 15 
v 12 =64. 15 
v V3 =64. 15 



n ,5=1.51633 v l5 =64. 15 



v 17 =64. 15 
v 18 =64. 15 
v l9 =64. 15 



n 2l =l. 51633 v 2l =64. 14 



v 23=64. 14 
v 2 4=26. 52 



v 26=25. 68 
v 2 7 =54.68 

v 29 =5l.47 
V30=51.47 



ri32— 1. 



1133— 1 



r 2 
d 2 
r 3 
d 3 
r 4 
d 4 
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n 2 =1. 
n 3 =1. 



D 31 =4. 0000 
D 32 =9. 5000 
D33=9. 5000 

R 3 4=°° 

D M =75. 4978 

R35=°° 

[00 5 7] (TV#t< 
r i = <*> 
=3.0500 
=62. 3180 
=3. 0000 
=-53.3190 
= 1.8000 
=-137. 0720 
=3.0000 
= oo 

d 5 =8. 0000 

[0 0 5 8] 
r 6 =oo 
d 6 =8. 0000 
r 7 =«> 
d 7 =8. 0000 
r 8 =°° 
d 8 =16. 0000 
r 9 =oo 
d 9 =8. 0000 
r io= 00 
d 10 =44. 0000 

[0 0 5 9] 
r 

d u =16. 9000 

d 12 =14. 0000 
r l3 =~ 
d l3 =16.9000 
r 14= 00 
d 14 =2. 0000 
r 15 =46. 0390 
d 15 =9. 0000 
[0 0 6 0] 
r 16 =-46. 0390 
d 16 =16. 5000 
r 17 =oo 

d u =15. 0000 
r i8= 00 

d, 8 =6. 0000 n, 8 =l. 
r , 9 =oo 

d, 9 =6.0000 n I9 =l. 



73400 v 32= 

73400 v 33 = 

48749 v 2 = 

72342 v 3 = 



=51.47 
=51.47 



ru =1. 



n 7 =1. 



n« =1 



no =1 



nii=l. 



n ,7=1 



n, 3 =l 



=70. 23 
=37. 95 



n 5 =1.56883 v s =56.33 



56883 v 6 

56883 v 7 

56883 v 8 

56883 v o 



=56. 33 
=56. 33 
=56. 33 
=56. 33 



51633 v n = 
51633 v 12 = 
51633 v 13 = 



64. 15 
=64. 15 
= 64. 15 



n l5 =l. 51633 v l5 =64. 15 



56883 v i8= 
56883 v I9 = 



= 56. 36 
=56. 36 
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(120=15. 2000 
[0 0 6 1 ] 

r 21 = oo 

d 2i = 8. 0000 
r 22=7. 9020 

d 22=2. 8500 n 22= 1.80610 V22=40. 92 
r 23=52. 0250 
d23=2. 8000 
r 24 =-15. 0020 

d 24 =2.5000 n 24 =l. 80518 v 24 =25.42 
r 25=5. 6570 
d2s=4. 7000 
[0 0 6 2] 
r 26=28. 0680 

d 26= 1.3000 n 26= 1.78472 v 26 =25. 68 
r 27=10. 2000 

d 27 =4.6000 n 27 =l. 78590 v 27 =44.20 
r 28=-13. 2510 
d 28=30. 8540 
r 2 9 ==0 ° 
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d v , di, • • • • li^i^vx^rtffxtt-tnbo 
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[0 0 6 5] eUJMl-UfciSJ^ **WfcJ:*Stff« 
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5»Di0-efc6o 

1, 7, 11, 14 

2, 3, 6, 8, 15 lEUi/X 

4, 9, 16 *U^X 

5, 10, 12 b, 17 

12 jbi u^xp 

12a jSjjfbU^X 

13 *2l/yX» 
2 1 «J£§£H 

2 2 mm 

2 3, 3 8 1, 3 8 r, k n , k 2 i t&^I^X 

2 4, P u , P 12 , P l3l P l4 , P 15 , P 2l , P^ P 
23> P 24 , P25, Pac^y^ 
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(54) Title of the Invention 

PHOTOGRAPHIC OPTICAL SYSTEM FOR A STEREOSCOPIC MICROSCOPE 



(57) Abstract 

Problem to be solved: To provide a compact photographic optical system for a stereoscopic 
microscope that prevents unnatural extension regardless of providing a photographic optical 
system for use in a still camera having a long composite focal length. 

Resolution Means: In the photographic optical system of the present invention, first, a luminous 
flux Al is guided from the observation optical system of the stereoscopic microscope is reflected 
by a 1st reflection member PI in an orthogonal direction to the luminous flux Al. Thereafter, it 
is reflected in turn by a 2nd reflecting member P2 in the y direction, and then by a 3rd reflection 
member P3 in the -x direction, and then by a 4th reflecting member P4 in the -y direction and 
finally by a 5th reflecting member P5 in the z direction. All of the reflecting members PI , P2, 



P3, P4, and P5 are arranged on an xy plane making an incident optical axis (z axis) as a normal 
line. 

Specification 
Scope of Claims 

Claim 1 

A photographic optical system for a stereoscopic microscope, wherein a photographic optical 
system comprises reflecting members for refracting the incident optical axis within a plane of 
±20° as a standard plane taking the incident optical axis for said photographic optical system as a 
normal line. 

Claim 2 

A photographic optical system for a stereoscopic microscope, comprises arrangement on the 
optical path that has been branched by an optical path splitter from the optical path of the 
observation optical system of the stereoscopic microscope, and provides optical path switching 
members, an optical system for use in a still camera as well as an optical system for use in a 
television camera, and which has the ability to guide an optical path from said observation 
optical system switching to said still camera optical system or television camera optical system 
by way of said optical path switching members; a photographic optical system, comprising at 
least one optical path of said still camera optical system or television camera optical system has 
at least 3 reflecting members within a plane of ±20° as a standard plane taking the incident 
optical axis for said photographic optical system as a normal line, and said optical path switching 
members are arranged within said plane. 

Claim 3 

A photographic optical system for a stereoscopic microscope, comprises arrangement on the 
optical path that has been branched by an optical path splitter from the optical path of the 
observation optical system of the stereoscopic microscope; a photographic optical system 
comprising an image formation lens for forming an image of the luminous flux from said 
observation optical system, optical path switching member(s), a relay optical system for image 
formation in a still camera, and a relay optical system for image formation in a television camera, 
and where the image formation magnification of the relay optical system for image formation in a 
still camera is from 1 through 7 times. 

Description of the Invention 

0001 

Industrial Applications 

The present invention relates to a photographic optical system for photographing an image 
captured by a stereoscopic microscope. 



0002 
Prior Art 



Currently, the recording of still picture images by a still camera as well as the recording of 
moving pictures magnified and observed by a monitor through television camera photography is 
being performed for the purpose of recording the observed visual field in microscope 
observation. Together with the progress and proliferation of micro surgical technology, there is a 
growing need to photograph the surgical visual field as a magnified image through a microscope 
by way of a television camera or a still camera in order to record important treatments or surgical 
training with a stereoscopic microscope and especially a surgical microscope. For this reason, an 
optical path splitter is installed in the observation optical path of the microscope, and the 
attachment of a photographic device for a television camera or a still camera on the optical path 
split by such a device makes this possible. Photography taken with a still camera is preferred for 
recording the details of medical treatment or with a television camera for recording the 
progression of surgery. Accordingly, a surgical microscope that has the ability to attach to both 
of these is preferred. 

0003 

The photographic device in Japanese Patent Publication No. 2596926 satisfies these types of 
demands. Fig. 8 is a cross-sectional drawing following the optical axis that shows the 
constitution of such a photographic device. Photographic device 21 is used by being arranged n 
the optical path that is branched from the observation optical system of the microscope 22. The 
photographic device 21 is constituted from an image formation lens 23 for image formation of 
the luminous flux from the observation optical system of the microscope 22, a prism 24 that 
outputs to an angle that is 135° to the incident optical axis by reflecting the incident beam 2 
times, an optical path switching mirror 25, a television camera relay optical system 26, and a 
photo capturing relay optical system 27. The photographic device 21, while having the ability for 
image formation onto an imaging element surface of a television camera by guiding a luminous 
flux from the optical path switching mirror 25 to the television camera relay optical system 26, it 
also has the ability for image formation onto photo film of a camera by guiding the luminous flux 
from the optical path switching mirror 25 to the photo relay optical system 27. 

0004 

Problems overcome by the invention 

However, in order to match the imaging range with the observation system when using the still 
camera on a stereoscopic microscope, the composite focal length of the photographic optical 
system must be lengthened is shape to obtain a magnified image. For instance, the objective lens 
and the zooming lens are used in common with the observation system and the photography 
system of the microscope image. When the focal length BI_f of the image formation lens of the 
observation system is 168 mm, the field number FN is 20, the image height h of the still camera 
is 21.6 mm, the composite focal length required in a photographic optical system for sue in a still 
camera becomes: 



(h x 2/FN) x BI_f = (21.6 x 2/20) x 168 = 362.88 (mm) 



0005 

Although this is only one example, in order to match the imaging range of the photographic . 
optical system for use in a still camera with the observation system, the composite focal length of 
the photographic optical system thereof would necessitate about 300 mm or greater in some 
cases. The total length of a photographic optical system having this type of composite focal 
length is very long, and accordingly, when attaching this photographic optical system to a 
microscope in such as state it extends in the LI direction as shown in Fig. 8 and becomes 
cumbersome to use by the physician. 

0006 

Furthermore, with a surgical microscope, there is a preference for multiple persons to be able to 
observe the same microscope image simultaneously from free directions in order to enable more 
difficult operations. In order to comply with this demand, an observation optical system is 
proposed that enables observation of each image seen by the left and right eye of a physician 
through a single zooming optical system. This constitution is shown in Fig. 9. This type of 
observation optical system has a single object lens 29 for the luminous flux, a zooming optical 
system 31, relay lenses 33 and 37, lateral pair of image formation lenses 381 and 38r, and 
eyepiece lenses 301 and 39r, and the various reflection planes 28, 30, 32, 34, 35 and 36 are 
arranged between each of the optical members to adjust the eye point position. 

0007 

When attaching a photographic optical system to an observation optical system constituted in 
such a manner, the attachment of an optical path splitter in stead of the reflection plane 32 for 
branching the luminous flux from the microscope into that for use in an observation optical 
system and that for use in a photographic optical system can be considered. In this case, the 
photographic optical system extends out to the L2 direction in the Drawing. With this, the 
weight balance between the microscope body and the arm dangling the microscope body itself 
breaks down resulting in the loss of operability and compactness of the photographic optical 
system. 

0008 

Therefore, the present invention gives consideration to the aforementioned problems and has as 
its objective to provide a compact photographic optical system for a stereoscopic microscope that 
prevents unnatural extension regardless of providing a photographic optical system for use in a 
still camera having a long composite focal length. 

0009 

Problem resolution means 

In order to achieve the objective given above, the present invention is a photographic optical 
system for a stereoscopic microscope, wherein reflecting members are arranged for refracting the 
incident optical axis within a plane of ±20° as a standard plane taking the incident optical axis for 
said photographic optical system as a normal line. 



0010 

Furthermore, the present invention comprises a photographic optical system of a stereoscopic 
microscope that is arranged on the optical path that has been branched by an optical path splitter 
from the optical path of the observation optical system of the stereoscopic microscope, and 
provides optical path switching members, an optical system for use in a still camera as well as an 
optical system for use in a television camera, and which has the ability to guide an optical path 
from said observation optical system switching to said still camera optical system or television 
camera optical system by way of said optical path switching members; and where at least one 
optical path of said still camera optical system or television camera optical system has at least 3 
reflecting members within a plane of ±20° as a standard plane taking the incident optical axis for 
said photographic optical system as a normal line, and said optical path switching members are 
arranged within said plane. 

0011 

In addition, the present invention comprises a photographic optical system of a stereoscopic 
microscope that is arranged on the optical path that has been branched by an optical path splitter 
from the optical path of the observation optical system of the stereoscopic microscope; and 
wherein it provides an image formation lens for forming an image of the luminous flux from said 
observation optical system, optical path switching member(s), a relay optical system for image 
formation in a still camera, and a relay optical system for image formation in a television camera, 
and where the image formation magnification of the relay optical system for image formation in a 
still camera is from 1 through 7 times. 

0012 

Embodiments 

Fig. 1 is a conceptual drawing showing the fundamental construction of the photographic optical 
system for a stereoscopic microscope of the present invention. With the photographic optical 
system of the present invention, first, the luminous flux Al that was guided from the observation 
optical system of the stereoscopic microscope not shown in the drawing is reflected by the 1st 
reflecting member PI in an orthogonal direction (x direction in the drawing) in relation to the 
luminous flux Al . Thereafter, it is reflected in turn by a 2nd reflecting member P2 in the y 
direction, and then by a 3rd reflection member P3 in the -x direction, and then by a 4th reflecting 
member P4 in the -y direction and finally by a 5th reflecting member P5 in the z direction. All of 
the reflecting members PI, P2, P3, P4, and P5 are arranged on an xy plane making an incident 
optical axis (z axis) as a normal line. In this manner, the extension in the z direction of the 
photographic optical system is controlled by forming the optical path from the 1st reflecting 
member PI to the 5th reflecting member P5 onto the xy plane. 

0013 

Furthermore, with the photographic optical system of the present invention, the optical path 
switching member Ml is arranged on the xy plane between the 2nd reflecting member P2 and the 
3rd reflecting member P3. In addition, switching can occur between the optical path for a still 
camera and the optical path for a television camera by way of this optical path switching member 
Ml. In this manner, a compact photographic optical system can be achieved while being a 



photographic optical system having photographic optical systems for a still camera and for a 
television camera. 

0014 . 

In addition the incident luminous flux Al is not limited to only the x direction with the 
reflecting member PI, but bending is also possible to the -x direction and the ± y directions. 
With the photographic optical system of the present invention, if the plane is with the xy plane or 
is within ±20° in relation to the xy plane then the extension to the z direction can be suppressed 
regardless of the construction for the incident luminous flux Al to be reflected in any direction. 
Further by the mechanical elements of the photographic optical system or by rotating the image 
as shown in Figs. 2 and 3, the extension in the z direction of the drawing for the photographic 
optical system can be controlled in the same manner as above even if omitting the reflecting 
members P4 and P5 or only omitting the reflecting member P5. Additionally, the location of the 
optical path switching member Ml can also be changed as shown in the drawing. The optical 
path switching member Ml is preferred to be light weight and thus a mirror is optimally suited. 

00 15 , • , u 
The photographic optical system of the present invention, in addition to the optical members 

given above, comprises an image formation lens for image formation of the luminous flux that is 

guided from the observation optical system of the stereoscopic microscope, the relay optical 

system for image formation to the still camera, and the relay optical system for image formation 

to the television camera. Especially, the image formation magnification br of the relay optical 

system for image formation to the still camera is set between 1 through 7 times. 

0016 c . . 

Here when the image formation magnification br of the relay optical system for image formation 
to the still camera exceeds 7 times, the correction coefficient of the relating relay optical system 
gets larger thereby necessitating precise assembly of the relay optical system which deteriorates 
the workability of the assembly process for the entire photographic optical system. Furthermore, 
aberration correction becomes more difficult. On the other hand, when the image formation 
magnification br of the relating relay optical system falls below 1 times, the luminous flux 
diameter near to the intermediate image point of the photographic optical system gets large 
thereby interfering with the compactness of the relay optical system. Furthermore, when the 
correction coefficient gets small and the optical axis adjustment that occurs by moving the relay 
optical system thereof is performed, the adjustment amount becomes too great and interferes with 
the compactness. Moreover, the image formation magnification br of the relay optical system for 
image formation to the still camera is preferred to be set within the range of 3 to 5 times, or the 
setting of 3.5 times is considered optimal. 

With the photographic optical system of the present invention, the luminous flux diameter ot 
subsequent intermediate image formation positions can be sufficiently reduced by arranging a 
different lens in the position of the intermediate image that is formed by the image formation lens 
for image formation of the luminous flux that is guided from the observation optical system of 
the stereoscopic microscope, thereby devising the compactness of the entire optical system. 



Furthermore, optical performance is not deteriorated. Here, with the photographic optical system 
of the present invention, when the F no, of the image formation lens for image formation of the 
luminous flux from the observation optical system of the stereoscopic microscope is Fnojc, and 
the thickness of the lens arranged at the intermediate image position that is formed by the image 
formation lens is t, then it is preferred to satisfy the following conditional expression 1 . 

Conditional Expression 1 0.3 < Fno_k/t < 7.5 

0018 

When the value of Fno_k/t exceeds the upper limit of the value range given in the conditional 
expression 1, the lens thickness arranged in the intermediate image position becomes thin 
causing the intermediate image and the lens surface to overlap where dust that adheres to the lens 
and scratches appear on the images of the still camera and television camera generating a 
problem whereby it is difficult to obtain a favorable image. Meanwhile, when the value of 
Fnojc/t falls below the lower limit of the value range given the conditional expression 1, then the 
optical performance of the photographic optical system worsens. Especially in the case when the 
thickness of the lens arranged in the intermediate position is thick, the intermediate image and 
the lens surface separate to far causing distortion to worsen which is not desirable. 

0019 

Furthermore, the relay optical system for image formation to a still camera comprises a 2 group 
construction in order from the photographic object side with a first lens group having a positive 
focal length and a second lens group having a negative focal length. In other words, the total 
length of the relay optical system can be shortened if a telephoto type construction is adopted 
with a convex lens in the first lens group and a concave lens in the second lens group. 
Furthermore, use of a cemented lens as the concave lens of the second lens group is effective in 
order to devise compactness of the relay optical system while correcting chromatic aberrations. 
In addition, it is preferred that at least cemented lens is included in each of the lens groups. By 
constituting in such a manner, the chromatic aberrations generated by each of the lens groups can 
be favorably corrected. 

0020 

With the photographic optical system of the present invention, the chromatic aberrations on the 
axis by the cemented lens of the first lens group as well as the chromatic aberration for the 
magnification by the second lens group can both be corrected, and favorable optical performance 
can be obtained while shortening the total length of the photographic optical system. 

0021 

The present invention will be explained in detail hereafter based on an Embodiment and depicted 
by Drawings. 

0022 

Embodiment 1 

Fig. 4 is a drawing showing the construction of the photographic optical system of the 



stereoscopic microscope that relates to the present Embodiment. Fig. 5 is a cross-sectional 
drawing following the optical axis of the photographic optical system shown in Fig. 4. The 
photographic optical system of the present Embodiment arranges each in order from the 
observation optical system side of the stereoscopic microscope not shown in the drawing: an 
image formation lens kl 1 , a twice reflecting prism PI 1, a right angle prism pi 2, a lens (pupil 
relay lens) hi 1 arranged in the intermediate position obtained by the image formation lens kl 1, 
an optical path switching mirror ml 1, a right angle prism pi 3, a still camera relay optical system 
si 1, and a right angle prism pi 4. Furthermore, a right angle prism pi 5 and a television camera 
relay optical system tl 1 are arranged in that order on the optical axis that is branched by the 
optical path switching mirror mil. 

0023 

Here, the still camera relay optical system si 1 is constructed to arrange in order from the right 
angle prism pi 3 side a brightness diaphragm 1, a positive lens 2, a positive lens 3, a negative lens 
4, a cemented lens 5 comprised of a positive lens and a negative lens. On the other hand, the 
television camera relay optical system tl 1 is constructed to arrange in order from the right angle 
prism pi 5 side a positive lens 6, a brightness diaphragm 7, a positive lens 8, a negative lens 9, a 
cemented lens 10 comprised of a negative lens and a positive lens. 

0024 

The photographic optical system of the present Embodiment, first, forms the intermediate image 
bypassing the luminous flux, which is guided from the observation optical system, through the 
image formation lens kl 1, then it is reflected by the twice reflecting prism pi 1 orthogonally in 
the direction following the plane that makes the incident optical axis a normal line. Next, that 
image is reflected at the right angle prism pi 2, and after narrowing the luminous flux diameter 
thereafter at the pupil relay lens hi 1, as will be described below, it is guided to the still camera 
relay optical system si 1 or the television camera relay optical system til. 

0025 

At the time of photo capturing, the optical path switching mirror ml 1 is moved to the dotted line 
position in the drawing. By so doing, the microscope image that passed through the pupil relay 
lens hi 1 is transmitted in turn through the right angle prism pi 3, and the still camera relay 
optical system si 1 then it is guided to the still camera (not shown) by the right angle prism pl4. 
Meanwhile, at the time of television filming, the optical path switching mirror ml 1 moves to the 
solid line position in the drawing. The microscope image that passed through the pupil relay lens 
hi 1 is reflected by the optical path switching mirror ml 1 and guided to the right angle prism pi 5. 
In addition, the image that is reflected by the right angle prism pi 5 is guided to the television 
camera (not shown) through the television camera relay optical system til. 

0026 

In this manner, with the present Embodiment, the focal length of the photographic optical system 
becomes long, but it is possible to prevent the extension in the direction along the incident 
optical axis of the photographic optical system and achieve a compact photographic optical 
system by forming the optical path in the direction along the plane that makes the incident optical 
axis to the photographic optical system a normal line. 



0027 

Furthermore, with the present Embodiment, by setting the magnification br of the still camera 
relay optical system si 1 to 4.8 times, the correction coefficient gets smaller thereby making it 
possible to favorably correct the aberrations. 

0028 

In addition, with the photographic optical system of the present Embodiment, when the F no. of 
the image formation lens kl 1 for image formation of the luminous flux from the observation 
optical system of the stereoscopic microscope is Fno _k/t, and the thickness of the pupil relay 
lens hi 1 arranged at the intermediate position that is obtained by the image formation lens kl 1 is 
t, then Fno _k/t = 0.86. In this manner, aberrations can be favorably corrected without dust 
adhered to the pupil relay lens hi 1 and scratches appearing on the images of the still camera and 
television camera. 



0029 

The numerical values of each optical member constructing the photographic optical system of the 
present Embodiment will be given hereafter as data. 

0030 

At the time of still camera photography. 
Rl =74.8010 

Dl = 5.8000 nl = 1 .72916 nl = 54.68 

R2 = -37.9660 

D2 = 2.5000 n2 = 1 .80100 n2 = 34.97 

R3 = -202.1440 
D3 = 21.7000 
R4 = ¥ 

D4 = 10.0000 n4 = 1.56883 n4 = 56.33 

R5 = ¥ 

D5 = 10.0000 n5 = 1.56883 n5 = 56.33 



0031 










R6 = ¥ 










D6 = 0 










R7 = ¥ 










D7 = 9.5000 


n7 = 


1.56883 


n7 


= 56.33 


R8 = ¥ 










D8 = 9.5000 


n8 = 


1.56883 


n8 


= 56.33 


R9 = ¥ 










D9 = 24.0000 










R10 = ¥ 










D10 = 6.0000 


nl0 = 


= 1.56883 




nlO 



0032 



Rll =¥ 

Dl 1 =6.0000 nil = 1.56883 nil =56.33 

R12 = ¥ 
D12 = 0.5000 
R13=¥ 

D13 = 9.0000 nl3 = 1.51633 nl3 = 64.15 

R14 = -80.0080 
D14 = 31.5000 
R15=¥ 

D15 = 6.0000 nl5 = 1.56883 nl5 = 56.33 

0033 
R16 = ¥ 

D16 = 6.0000 nl6 = 1.56883 nl6 = 56.33 

R17 = ¥ 

D17 = 4.6590 

R18=¥ 

D18 = 0 

R19 = 34.7920 

D19= 1.6700 nl9= 1.51633 nl9 = 64.15 

R20 = -22.7570 
D20 = 0.1000 

0034 

R21 =8.0580 

D21 =2.4000 n21 = 1.51633 n21 =64.15 

R22 = ¥ 
D22 = 2.6500 
R23 = -20.6720 

D23 = 3.1800 n23 = 1.76182 n23 = 26.52 

R24 = 7.3790 
D24 = 4.3700 
R25 = 15.3450 

D25 = 2.0000 n25 = 1.72151 n25 = 29.24 

0035 

R26 = -29.1410 

D26 = 1.9300 n26= 1.58913 n26 = 61.18 

R27 = 12.9180 
D27 = 14.5260 
R28=¥ 

D28 = 17.0000 n28 = 1.74330 n28 = 49.22 

R29 = ¥ 

D29 = 89.7579 

R30 = ¥ 



0036 

At the time of television filming, 
rl = 74.8010 

dl= 5.8000 nl = 1.72916 

r2 = -37.9660 

d2 = 2.5000 n2 = 1.80100 

r3 = -202.1440 
d3 = 21.7000 
r4 = ¥ 

d4= 1.0000 n4= 1.56883 

r5 = ¥ 

d5 = 1.0000 n5 = 1.56883 



0037 
r6 = ¥ 
d6 = 9.5000 
r7 = ¥ 

d7 = 9.5000 
r8=¥ 

d8 = 24.0000 
r9 = ¥ 
d9 = 6.0000 
rl0 = ¥ 
dl0 = 6.0000 

0038 
rll =¥ 
dll =0.5000 
rl2 = 80.0080 
dl2 = 9.0000 
rl3 = -80.0080 
dl3 = 16.5000 
rl4 = ¥ 
dl4= 10.2000 
rl5=¥ 
dl5 = 6.0000 

0039 
rl6 = ¥ 
dl6 = 6.0000 
rl7 = ¥ 
dl7 = 3.0000 
rl8 = ¥ 
dl8 = 2.2000 
rl9 = -38.2470 



n6= 1.56883 
n7= 1.56883 

n9= 1.56883 
nl0 = 1.56883 

nl2= 1.51633 

nl5 = 1.56883 
nl6 = 1.56883 
nl8= 1.51633 



nl = 54.68 
n2 = 34.97 

n4 = 56.33 
n5 = 56.33 

n6 = 56.33 
n7 = 56.33 

n9 = 56.33 

nl0 = 56.33 

nl2 = 64.15 

nl5 = 56.33 
nl6 = 56.33 
nl8 = 64.15 



dl9= 10.5000 
r20 = ¥ 
d20 = 6.6800 



0040 



r21 = 10.2370 
d21 = 4.0000 
r22 = 82.7710 
d22 = 3.4100 
r23 = -17.8940 
d23 - 3.3000 
r24 = 8.1750 
d24 = 4.2900 
r25 = 34.6150 
d25 = 1.5000 



n23 = 1.74077 



n21 = 1.69680 



n25 = 1.64769 



n21 =55.53 



n23 = 27.79 



n25 = 33.80 



0041 

r26 = 13.4990 
d26 = 4.0000 



n26= 1.78590 



n26 = 44.19 



r27 = -18.4600 
d27 = 34.4310 
r28=¥ 

0042 

Embodiment 2 

Fig. 6 is a drawing that shows the construction of the photographic optical system of the 
stereoscopic microscope that relates to the present Embodiment. Further, Fig. 7 is a 
cross-sectional drawing along the optical axis of the photographic optical system shown in Fig. 6. 
The photographic optical system of the present Embodiment arranges each in order from the 
observation optical system side of the stereoscopic microscope not shown in the drawing: a 
brightness diaphragm 1 1, an image formation lens k21, a three-time reflecting prism P21, a penta 
prism p22, a lens (pupil relay lens) h21 arranged in the intermediate position obtained by the 
image formation lens k21, an optical path switching mirror m21, a penta prism p23, a still 
camera relay optical system s21, and right angle prisms p24 and p25. Furthermore, a right angle 
prism p26 and a television camera relay optical system t21 are arranged in that order on the 
optical axis that is branched by the optical path switching mirror m21. 



Here, the still camera relay optical system s21 is constructed to arrange in order from the penta 
prism p23 side a first lens group 12 providing a positive refractive power and a second lens group 
providing negative refracting power. In addition, the first lens group is constructed by arranging 
in order from the penta prism p23 side a bi-convex lens 12a and a positive cemented lens 12b 
comprised of a positive lens and a negative lens. While the second lens group 13 is constructed 
of a negative cemented lens comprised of a positive lens and a negative lens. On the other hand, 
the television camera relay optical system t21 is constructed to arrange in order from the penta 



0043 



prism p26 side a brightness diaphragm 14, a positive lens 15, a negative lens 16, a cemented lens 
17 comprised of a negative lens and a positive lens. 

0044 

The photographic optical system of the present Embodiment, first, forms the intermediate image 
by passing the luminous flux, which is guided from the observation optical system, through the 
image formation lens k21, then it is reflected by the three- time reflecting prism p21 orthogonally 
in the direction following the plane that makes the incident optical axis a normal line. Next, that 
image is reflected at the penta prism p22, and after narrowing the luminous flux diameter 
thereafter at the pupil relay lens h21, as will be described below, the luminous flux is guided to 
the still camera relay optical system s21 or the television camera relay optical system t21 . 

0045 

At the time of photo capturing, the optical path switching mirror m21 is moved to the dotted line 
position in the drawing. By so doing, the microscope image that passed through the pupil relay 
lens h21 is transmitted in turn through the penta prism p23 and the still camera relay optical 
system s21 then it is guided to the still camera (not shown) through the right angle prisms p24 
and p25. Meanwhile, at the time of television filming, the optical path switching mirror m21 
moves to the solid line position in the drawing. The microscope image that passed through the 
pupil relay lens h21 is reflected by the optical path switching mirror m21 and guided to the right 
angle prism p26. In addition, the image that is reflected by the right angle prism p26 is guided to 
the television camera (not shown) through the television camera relay optical system t21. 

0046 

In this manner, with the present Embodiment and in the same manner as with Embodiment 1, the 
focal length of the photographic optical system becomes long, but it is possible to prevent the 
extension in the direction along the incident optical axis of the photographic optical system and 
achieve a compact photographic optical system by forming the optical path in the direction along 
the plane that makes the incident optical axis to the photographic optical system a normal line. 

0047 

Furthermore, with the present Embodiment, by setting the magnification br of the still camera 
relay optical system s21 to 3.7 times, the correction coefficient gets smaller than the 
photographic optical system of Embodiment 1 thereby making it possible to favorably correct the 
aberrations. 

0048 

In addition, with the photographic optical system of the present Embodiment, when the F no. of 
the image formation lens k21 for image formation of the luminous flux from the observation 
optical system of the stereoscopic microscope is Fno _k/t, and the thickness of the pupil relay 
lens h21 arranged at the intermediate position that is obtained by the image formation lens k21 is 
t, then Fno _k/t = 0.86. In this manner, aberrations can be favorably corrected without dust 
adhered to the pupil relay lens h21 and scratches appearing on the images of the still camera and 
television camera. 



0049 

The numerical values of each optical member constructing the photographic optical system of the 
present Embodiment will be given hereafter as data. 



0050 

At the time of still camera photography. 



Rl=¥ 

Dl = 3.0500 

R2 = 62.3180 

D2 = 3.0000 n2 = 1 .48749 n2 = 70.23 

R3 = -53.3190 

D3 = 1 .8000 n3 = 1 .72342 n3 = 37.95 

R4 = -137.0720 
D4 = 3.0000 
R5=¥ 

D5 = 8.0000 n5 = 1.56883 n5 = 56.33 



0051 
R6 = ¥ 

D6 = 8.0000 n6 
R7 = ¥ 

D7 = 8.0000 n7 
R8 = ¥ 

D8 = 8.0000 n8 
R9 = ¥ 

D9 = 8.0000 n9 

R10 = ¥ 

D10 = 44.0000 



1.56883 n6 = 56.33 

1.56883 n7 = 56.33 

1.56883 n8 = 56.33 

1.56883 n9 = 56.33 



0052 

Rll =¥ 

Dll = 16.9000 

R12 = ¥ 

D12 = 14.0000 

R13=¥ 

D13 = 16.9000 

R14 = ¥ 

D 14= 2.0000 

R15 = 46.0390 

D15 = 9.0000 



nil = 1.51633 
nl2 = 1.51633 
nl3 = 1.51633 

nl5 = 1.51633 



nil =64.15 
nl2 = 64.15 
nl3 = 64.15 

nl5 =64.15 



0053 

R16 = -46.0390 
D16 = 34.3000 



R17 = ¥ 
D17= 13.2800 
R18 = ¥ 
D18 = 11.0000 
R19 = ¥ 
D19 = 13.2800 
R20 = ¥ 
D20 = 9.0100 

0054 
R21 =¥ 
D21 =2.0000 
R22 = -36.5760 
D22 = 0.2000 
R23 = 16.9530 
D23 = 2.4000 
R24 = -30.2290 
D24= 1.1000 
R25 = ¥ 
D25 = 11.9000 

0055 

R26 = -58.4740 
D26 = 2.0000 
R27 = -19.8070 
D27= 1.1000 
R28 = 10.4010 
D28 = 8.1900 
R29 = ¥ 
D29 = 8.5000 
R30 = ¥ 
D30 = 8.5000 

0056 
R31 = ¥ 
D31 =4.0000 
R32 = ¥ 
D32 = 9.5000 
R33=¥ 
D33 = 9.5000 
R34 = ¥ 
D34 = 75.4978 
R35= ¥ 



nl7= 1.51633 
nl8 = 1.51633 
nl9 = 1.51633 

n21 = 1.51633 

n23 = 1.51633 
n24= 1.76182 

n26= 1.78472 
n27= 1.72916 

n29 = 1.73400 
n30= 1.73400 

n32 = 1.73400 
n33 = 1.73400 



nl7 = 64.15 
nl8 = 64.15 
nl9 = 64.15 

n21 =64.14 

n23 = 64.14 
n24 = 26.52 

n26 = 25.68 
n27 = 54.68 

n29 = 51.47 
n30 = 51.47 

n32 = 51.47 
n33 = 51.47 



0057 

At the time of television filming. 

rl=¥ 

dl =3.0500 

r2 = 62.3180 

d2 = 3.0000 n2 = 1 .48749 n2 = 70.23 

r3 = -53.3190 

d3 = 1 .8000 n3 = 1 .72342 n3 = 37.95 

r4 = -137.0720 
d4 = 3.0000 
r5=¥ 

d5 = 8.0000 n5 = 1.56883 n5 = 56.33 



0058 
r6 = ¥ 

d6 = 8.0000 n6 = 1 .56883 n6 = 56.33 

r7 = ¥ 

d7 = 8.0000 n7 = 1 .56883 n7 = 56.33 

r8 = ¥ 

d8 = 16.0000 n8 = 1.56883 n8 = 56.33 

r9 = ¥ 

d9 = 8.0000 n9 = 1 .56883 n9 = 56.33 

rl0 = ¥ 

dlO = 44.0000 



0059 

rll =¥ 

dll =16.9000 

rl2 = ¥ 

dl2 = 14.0000 

rl3=¥ 

dl3 = 16.9000 
rl4 = ¥ 
dl4 = 2.0000 
rl 5 = 46.0390 
dl5 = 9.0000 



nil = 1.51633 
nl2 = 1.51633 
nl3 = 1.51633 

nl5 = 1.51633 



nil =64.15 
nl2 = 64.15 
nl3 = 64.15 

nl5 = 64.15 



0060 

rl6 = -46.0390 
dl6 = 16.5000 
rl7=¥ 

dl7 = 15.0000 
rl8 = 46.0390 

dl8 = 6.0000 nl8 = 1.56883 nl8 = 56.36 

rl9 = ¥ 



dl9 = 6.0000 
r20 = ¥ 

d20= 15.2000 

0061 
r21 =¥ 
d21 = 8.0000 
r22 = 7.9020 
d22 = 2.8500 
r23 = 52.0250 
d23 = 2.8000 
r24 = -15.0020 
d24 = 2.5000 
r25 = 5.6570 
d25 = 4.7000 

0062 

r26 = 26.0680 
d26= 1.3000 
r27= 10.2000 
d27 = 4.6000 
r28 = -13.2510 
d28 = 30.8540 
r29 = ¥ 

0063 

Further, Rl, rl,. . . in the numerical data of each Embodiment given above refers to the curvature 
radius of the lens planes; Dl, dl,... refers to thickness of each lens or to the variable spacing 
thereof; nl, n2,. . . refers to the refractive index of each lens; and nl, n2,. . . refers to the Abbe 
constant of each lens. 

0064 

Here, with the photographic optical system shown by each Embodiment 1 and Embodiment 2, a 
twice reflecting prism, a three time reflecting prism and a penta prism are used; however, a right 
angle prism may also be substituted for each prism if rotation of the image is possible with the 
still camera or television camera. Furthermore, use of a mirror in stead of the prism is also 
possible. It goes with out saying that the position of the still camera or television camera may 
also be interchanged. 

0065 

As given in the description above, the photographic optical system of the stereoscopic 
microscope according to the present invention provides the composition described in the Scope 
of Claims as well as the composition given below in items (1) through (3). 



nl9= 1.56883 nl9 = 56.36 



n22 = 1.80610 n22 = 40.92 



n24= 1.80518 n24 = 25.42 



n26 = 1.78472 n26 = 25.68 

n27 = 1.78590 n27 = 44.20 



0066 

(1) A photographic optical system for a stereoscopic microscope according to Claim 3, wherein 
a lens arranged in the intermediate image position that is formed by the image formation lens for 
image formation of a luminous flux from an observation optical system of said stereoscopic 
microscope. 

0067 

(2) A photographic optical system for a stereoscopic microscope according to Claim 1, wherein 
when an F no. of the image formation lens for image formation of a luminous flux from an 
observation optical system of said stereoscopic microscope is Fno Jc, and the thickness of the 
lens arranged at said intermediate image position is t, and the conditional expression below is 
satisfied. 

0.3<Fno_k/t<7.5 

0068 

(3) A photographic optical system for a stereoscopic microscope according to Claim 2, wherein a 
relay optical system for image formation to a still camera has a two group construction arranging 
in order from the observation optical system side of said stereoscopic microscope a first lens 
group providing a positive focal length and a second lens group providing a negative focal 
length, andat least one cemented lens is included in each lens group. 

0069 

Efficacy of the Invention 

According to the present invention as given above, a compact photographic optical system for a 
stereoscopic microscope can be provided without unnatural extension of the photographic 
optical system even if the focal length of the photographic optical system is long. 

Brief Description of Drawings 

Fig. 1 is a conceptual drawing showing the construction of the photographic optical system of the 
stereoscopic microscope that relates to the present invention. 

Fig. 2 is a conceptual drawing showing another construction of the photographic optical system 
of the stereoscopic microscope that relates to the present invention. 

Fig. 3 is a conceptual drawing showing another construction of the photographic optical system 
of the stereoscopic microscope that relates to the present invention. 

Fig. 4 is a drawing showing the construction of the photographic optical system of the 
stereoscopic microscope that relates to Embodiment 1 . 

Fig. 5 is a cross-sectional drawing along the optical axis of the photographic optical system 
shown in Fig. 4 

Fig. 6 is a drawing showing the construction of the photographic optical system of the 



stereoscopic microscope that relates to Embodiment 2. 



Fig. 7 is a cross-sectional drawing along the optical axis of the photographic optical system 
shown in Fig. 6. 

Fig. 8 is a cross-sectional drawing along the optical axis showing the construction of a 
photographic optical system of a microscope of the prior art. 

Fig. 9 is a cross-sectional drawing along the optical axis showing the construction of a 
photographic optical system of a microscope of the prior art. 

Explanation of the Reference Numerals 

1, 7, 11, 14 Brightness diaphragm 

2,3,6,8, 15 Positive lens 

4, 9, 16 Negative lens 

5, 10, 12b, 17 Cemented lens 

12 First lens group 
12a Bi-convex lens 

13 Second lens group 

21 Photographic device 

22 Microscope 

23, 381, 38r, kl 1, k21 Image formation lens 

24, Pll, P12, P13, P14, P15, P21, P22, P23, P24, P25, P26 Prism 

25, M 1 , m 1 1 , m2 1 Optical path switching member (mirror) 

26, 27, sll, s21, til, t21 Relay optical system 
28, 30, 32, 34, 35, 36 Reflecting surface 
29 Objective lens 

3 1 Zooming optical system 

33,37 Relay lens 

391, 39r Eyepiece lens 



Explanation of the Drawings 

Al Luminous flux 

Hll,h21 Pupil relay lens 

PI, P2, P3, P4, P5, Reflecting member 



